Numerical analysis of natural convection with an immersed boundary-lattice Boltzmann method by 瀬田 剛
????????? Vol. 10 (2010? 12?), ??No. 01-101210 JASCOME
????????????????????????????
NUMERICAL ANALYSIS OF NATURAL CONVECTION WITH
AN IMMERSED BOUNDARY-LATTICE BOLTZMANN METHOD
???? 1)
Takeshi SETA
1)????????????? (??) (? 930-8555 ????? 3190, E-mail: seta@eng.u-toyama.ac.jp)
We apply the immersed boundary method to the thermal lattice Boltzmann method
to simulate natural convection. The thermal lattice Boltzmann method neglects the
compression work done by the pressure and the viscous heat dissipation in the evolution
equation for the temperature. We utilize the direct forcing method that does not need
to determine free parameters. In the numerical calculation of heat transfer between two
horizontal concentric cylinders, the deviation between the analytical and numerical results
strongly depends on the relaxation parameter. The numerical results of streamlines,
isotherms and Nusselt numbers in natural convection show good agreement with those
of the previous studies. We demonstrate that the IB-LBM with the adequate relaxation
times gives reasonable results for the simulation of °ows with heat transfer.
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 : Analytical solution
 : Numerical solution, τg = 1
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 : Numerical solution, τg = 5
Fig. 3 Pro¯les of the temperature at the horizontal central
plane y = 100±x.
???????Feng???????????????????
?? (3)?? (15)???????? qk????
P8
k=0 qk = ½Q?P8
k=0 ~ckqk = 0???????????????????
qk =
(
½Q; k = 0;























Step 2. ? (14)?(16)?(23)????~F = 0??? ~f (n+1)k ?
????? (18)?? ½(n+1)i;j ?~~u
(n+1)
i;j ?????
Step 3. ? (15)?(17)?(24)????Q = 0???~g(n+1)k ?
????? (18)?? ~T (n+1)i;j ?????
Step 4. ? (12)?(13)????~~u(n+1)i;j ? ~T
(n+1)
i;j ??????
?? ~~u(n+1)s ??? ~T (n+1)s ??????




Step 6. ? (8)?(9)????~F (n+1)s ?Q(n+1)s ???????
??? ~F (n+1)i;j ?Q
(n+1)
i;j ??????
Step 7. Step 6 ???? ~F (n+1)i;j ?Q
(n+1)




















Step 8. 1??????? ±t ?? Step 2????
3. ????
(a) Streamline (b) Isotherm
Fig. 4 Streamline and Isotherm for Ra =5 £ 104, Pr =0:7,
Ro=Ri = 0:8.
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Fig. 5 Temperature distribution between the two cylin-
ders. The solid lines represent the present numerical so-
lutions. The symbols (²) represent the results from Kuehn
and Goldstein(10).
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Fig.6 Schematic diagram of the annulus between concentric
circular and square cylinders.
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Fig. 7 (a) Streamlines; (b) Isotherms (Ra = 103).
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Fig. 8 (a) Streamlines; (b) Isotherms (Ra = 104).
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Fig. 9 (a) Streamlines; (b) Isotherms (Ra = 105).
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Fig. 10 (a) Streamlines; (b) Isotherms (Ra = 106).
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Table 1 Comparison of surface-averaged Nusselt number.
Ra R=L Present Ref.[11] Ref.[12] Ref.[6]
103 0:2 3.370 ¡ ¡ 3.399
0:1 2.167 2.071 2.08 ¡
104 0:2 3.405 3.331 3.24 3.412
0:3 5.703 5.826 5.40 ¡
0:1 3.965 3.825 3.79 ¡
105 0:2 5.147 5.08 4.86 5.176
0:3 6.603 6.212 6.21 ¡
0:1 6.406 6.107 6.11 ¡
106 0:2 9.388 9.374 8.90 9.171
0:3 12.33 11.62 12.00 ¡
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